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Description 

This invention relates to devices for use in 
ch mical (especially biochemical or clinical) test 
procedures, to processes for their manufacture, 
and to the use of the devices. 

The devices are, in certain embodiments, 
intended for use in procedures for detecting and 
measuring inorganic ions in liquid aqueous 
samples, and in other examples for specific 
binding assay procedures. 

Previously, micro-scale procedures have often 
been carried out using so-called microtitre wells, 
conventionally of about 0.5 ml working capacity, 
amongst a variety of other liquid containers for 
the assay reaction liquids. Other devices and 
arrangements for handling micro-scale assay 
materials are described in Specifications Nos. EP- 
A-0 31 993, GB-A-1 571 872, GB-A-1 584 129 and 
GB-A-1 414 479, for example. 

In particular, the prior art contains numerous 
disclosures of analytical devices for handling and 
metering small volumes of test samples. 

GB-A-2 090 659 (Instrumentation Laboratory, 
Inc.) describes test strips constructed with a self- 
filling metering channel and a lip or inlet on which 
a sample of more than about 10 microlitres of for 
example whole blood can be placed, so that (for 
example) 10 microlitres is taken up by capillary 
action to react with a reagent carried on a fibrous 
pad above a filter layer beneath a transparent 
window. The result can be viewed by the unaided 
eye, e.g. as a colour reaction. 

GB-A-2 036 075 (H E Mennier), GB-A-1 104 774 
(J P Gallagher), EP 0 057 1 10, 0 034 049, 0 010 456 
(Kodak), all describe some other aspect of the 
uses of capillary channel or chamber dimensions 
for handling biological or test fluids. 

US-A-4 137 495 describes devices for testing 
liquids, in particular electrolytic oil sensors, 
primarily for detecting (marine) oil spillage. The 
sensors have electrodes and capillary channels 
alongside the electrodes, communicating with the 
electrodes via capillary bores (col 2). It is made 
clear (col 1) that the device operates basically as a 
conductivity meter and the presence of oil on the 
water surface causes oil instead of water to enter 
the device, with the result that the measured 
conductivity is smaller when oil is present. 

US-A-4 413 407 concerns test devices involving 
a form of specific reactivity, in the form of ion- 
selective electrodes with specificity for a particu- 
lar ion to be measured. The electrodes (e.g. 14/ 
14') are extensive multilayer (16-20) constructions 
spaced at a short distance by a respective length 
of capillary tube 28 from a capillary cavity for 
receiving sample liquid. In some of the test 
devices of US-A-4 413 407, at least each of two 
electrodes in liquid communication with a 
capillary zone comprises a respective test com- 
position, each for one of two different analytes. 

US-A-4 053 381 describes test devices for deter- 
mining the ionic activity of components of liquid 
drops, comprising for example a pair of elec- 
trodes, of which one is an ion-selective el ctrode, 



spanned by a liquid-transporting sheet such as 
conventional thin-layer chromatographic sheet, 
plus devices to restrain liquid from contacting the 
edges of the operative layers of the electrodes. 

5 The prior art also includes many other dis- 
closures of chemically-sensitive or selective elec- 
trodes: see 'Ion-Selective Electrodes in Analytical 
Chemistry' (ed. H Freiser, Plenum Press 1978). 
According to the invention to be described 

10 here, capillary fill cell devices which can be 
conveniently manufactured, are provided to facili- 
tate electrically-monitored tests, for example 
conductivity measurements, specific ion analysis, 
enzymatic reactions, and specific binding assays, 

is using very small liquid samples. 

According to the invention we provide speci- 
fically-reactive electrochemical test device, com- 
prising electrodes and a cavity having a dimen- 
sion small enough to enable sample liquid to be 

20 drawn into the cavity by capillary action, the 
electrodes being arranged to contact the liquid, 
characterised in that the electrode structure for 
making one or more measurements of one or 
more electrically measurable characteristics of 

25 the sample is included within said cavity and in 
that optionally a surface or wall of the cavity 
carries a coating of a material appropriate to the 
test to be carried out in the device. 
According to the present invention there is also 

30 provided a method of manufacturing specifically- 
reactive electrochemical test devices comprising 
arranging electrodes in liquid contact with a 
cavity having a dimension small enough to 
enable sample liquid to be drawn into the cavity 

35 by capillary action, characterised by the steps of 
(a) (usually) forming an immobilised coating on 
the surface of a sheet material which is to form 
part of a multiplicity of the devices, (b) forming an 
additional structure which together with said 

40 (optionally coated) sheet material provides for 
each device of the multiplicity of devices a cavity 
of capillary dimension for collecting and retaining 
by capillary a volume of sample liquid in contact 
with the reactive coating (where present), (c) 

45 forming an electrode structure within each cavity, 
and (d) separating the sheet material into portions 
each providing one or a plurality of the sample- 
collecting and testing devices. 
Usually it is found convenient, as in the case of 

so examples described below, first to form conduc- 
tive layers on the surface of a carrier which will 
later constitute a wall of a capillary cell and be in 
liquid contact with the cavity of the capillary cell, 
then to add any layers of ancillary materials, and 

55 lastly to assemble the cell or cells. 

The coatings can be reagents such as buffers 
which are to be released into liquid sample 
material taken up into the device, or they can be 
specifically-reactive materials such as proteinace- 

60 ous binding agents or enzymes: they can be 
v confluent or continuous or divided into a pattern, 
e.g. of discrete portions, e.g. as a 2-dimensional 
array of patches. Another useful example of a 
coating is an ion-selective membrane coated on 

65 to an electr de previously formed or coated on a 
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wall to form part of the capillary cell cavity. Wher 
such patches are formed they can be made by 
first forming a continuous coating and then 
removing or inactivating portions of it to I ave the 
desired pattern, e.g. the array of discrete portions. 
The coating can be a releasable reagent coating, 
e.g. a coating of releasable antigen or antibody, or 
derivative thereof, or else for example an 
immobilised specific binding material such as a 
covaiently bound antigen or antibody or deriva- 
tive thereof to form an immunosorbent, with 
specificity appropriate to a desired assay. The 
additional structure which completes the capillary 
cell(s) can for example be a further sheet material 
bonded to the first sheet material by suitable 
bonding adhesive, and spaced therefrom by a 
capillary space, e.g. less than about 1 mm, to 
allow uptake of sample liquid between the sheets 
by capillarity, preferably in a defined reproducible 
volume. The separation of units can be achieved 
for example by scribing and breaking or by 
sawing or cutting the sheet materials, e.g. of 
glass; siliceous or plastics material, and in the 
examples described below is carried out so as to 
leave an external loading surface or aperture to 
which sample liquid can be loaded or applied and 
from which it can be drawn onto the cavity of the 
device. The external loading surface has prefer- 
ably a capacity to contain or hold at least enough 
liquid -(e.g. in the form of a drop of material 
spread out over the surface) to load the cavity 
fully. 

In examples of the devices such as the one 
illustrated in Figure 1 below, the sheet carrying 
the electrodes extends out beyond the end of the. 
capillary cell as completed by the additional 
structure, e.g. the second sheet, so as to provide 
an anchoring-point for electrical connections to 
an external circuit. 

According to the invention we also provide 
specifically reactive sample-collecting and testing 
devices made by the processes described herein. 

The fabrication of the electrode structures in the 
capillary cell devices of the invention can be 
carried out in any of a number of ways. 

For example, a surface of a glass, silica or 
plastics substrate which is to form a wall of the 
capillary cell can be provided in per se known 
manner with a conductive coating of tin oxide 
Sn0 2 , especially one that has been partly etched 
away to leave an electrode pattern. Such a pattern 
of plural electrodes can be used for example for 
conductivity or general impedance measure- 
ments. Such conductive electrodes can be 
overlain by any of the reactive or ligand-binding 
coatings mentioned elsewhere in this specifica- 
tion. 

Alternatively, a surface of a glass, silica, crystal, 
ceramic or plastics surface which is to form a wall 
of the capillary celt can be provided with one or a 
plurality of conductive coatings each of which 
forms an electrochemical half-cell, e.g. a coating 
forming a silver-silver chloride electrode, 
optionally provided with ah ion-selective or other 
chemically-selective membrane overlayer. 



An example of an electrode structure to be 
included in a capillary cell according to an 
embodiment of the invention is a composite 
electrode structure comprising a non-conducting 

5 matrix {e.g. a body of polymer such as polyvinyl 
chloride), wherein the matrix incorporates con- 
ductive particles. The conductive particles are 
such as to allow the provision of a conductive 
connection from the particle-containing com- 

io posite to an external electrical circuit. In an 
example to be described below, the conductive 
particles provide the composite electrode with a 
conductivity corresponding to resistivity of a few 
milliohm-cm. This value is by no means critical: 

15 resistivities several orders of magnitude higher 
can be used, but the resistance of the electrode 
material should generally be small in comparison 
with that of the external circuit (often many 
megohms). 

20 Such an electrode structure can be formed on a 
substrate {forming a wall of the capillary cell) 
which is also made of non-conducting polymeric 
material. 

Besides polyvinylchloride, other useful noncon- 

25 ducting solid matrices or materials from which 
the substrate can be formed are for example 
polyurethane, polystyrene, polyvinylacetate, 
epoxy resin (especially as a matrix for the conduc- 
tive particles), and methacrylate plastics, as well 

30 as inorganic matrices e.g. such as glass. In what 
follows, mention of polyvinylchloride (pvc). 
implies also the possible use of any such substi- 
tute matrix material. In the structures provided by 
the invention, the conductive particles can be for 

35 example graphite, silver, platinum, gold, or cop- 
per. If desired, the matrix in which the particles 
are incorporated can be an organic matrix derived 
by solidification from the paint vehicle used as the 
base of conductive paints known and available for 

40 use in thick-film microcircuit manufacture, e.g. for 
the purpose of painting or screen-printing con- 
ductive tracks on flat insulating substrates such as 
ceramic substrates. Suitable particle sizes for the 
conductive particulates can be chosen from a 

45 wide range, e.g. from (of the order of) 10-20 to (of 
the order of) 200 urn. Suitable levels of incorpora- 
tion of the particles into the composite can 
include for example those of the order of 10%- 
80%, e.g. 50%, by volume (based on the volume 

so of the composition), or, dependent on the nature 
of the particles, whatever level is needed to reach 
a desired degree of electrical conductivity. One 
example of an electrode structure comprising 
silver-pvc has 3:1 silver particles: pvc particles by 

55 weight, with 50 micron (maximum particle size) 
silver particles. 

One suitable form of electrode comprises a 
conductor and a non-conductive membrane mat- 
rix material, (e.g. glass or organic polymer), in 

60 direct contact with the conductor, wherein the 
conductor comprises a matrix incorporating con- 
ductive particles, as described above, the organic 
membrane material comprises a sensitising com- 
ponent such as an ionophore, for sensitising the 

65 electrode to a particular analyte to be investi- 



gated, and the organic membrane material is 
secur ly bonded to the matrix of the conductive 
c rnposite. For example, the membrane material 
and the matrix can, conveniently, both be of a 
similar polymer and can be fused or bonded 
together in any convenient manner, for example 
solvent-welding. 
- When pvc is used as matrix material for con- 
ductive particles, then it is preferred (for the pvc 
of the zone that incorporates the conductive 
particles) to use pvc incorporating either no plas- 
ticiser or only very small quantities of plasticiser. 
(This we describe as "pure" pvc). (Preferably, of 
the order of 10% by weight of plasticiser or less 
can be present in this zone. Preferably there is 
less, e.g. <5%, e.g. <1%). 
. In the case of the membrane material, 
examples of suitable contents for the ionophore 
or other sensitising component are for example 
within the range 5-10% by weight of the whole 
membrane composition. The ionophore-contain- 
• . mg zone can be for example 0.1-0.5 mm thick. The 
pvc of the zone that incorporates the ionophore or 
other sensitising component should usually 
incorporate conventional relatively large amounts 
of plasticiser, as used in previous ionophore-pvc 
membranes, e.g. the ionophore-containing layer 
can for example be composed largely of a 
pvc: plasticiser composition in proportions for 
example in the range 1:1 to 1:2 by weight. 
Examples of plasticisers useful in connexion with 
ion-selective polymer membranes, especially pvc 
membranes, include dioctyl phenyl phosphonate, 
diethyl adipate, dioctyl sebacate, trioctyl phos- 
phate, and o-nitrophenyl phenyl ether. Examples 
of useful lonophores include calcium diisooctyl 
phenyl phosphate (for calcium-sensitive elec- 
trodes) valinomycin (for potassium-sensitive elec- 
trodes, tridodecylamine (for hydrogen-ion-sensi- 
tive electrodes), particles of silver chloride 
bromide, or iodide (for corresponding halide- 
sensitive electrodes), particles of silver sulphide 
(for sulphide-sensitive electrodes), mixtures of 
particles of silver and copper sulphides (for elec- 
trodes sensitive to copper as well as to sulphide), 
and more generally a finely divided particulate 
form of any of the materials previously used in 
crystalline form for making single-crystal elec- 
trodes, can be incorporated into the polymer or 
other non-conducting, matrix of the electrode 
membrane, in sufficient amount to put the par- 
ticles in electrically effective contact to enable the 
electrode to respond to the presence of the 
corresponding constituent of the surrounding sol- 
ution to be tested or measured. 

Capillary cell devices according to the invention 
can also in certain examples have features as 
follows: 

(a) If desired, at least one of the walls surround- 
ing the cavity can be transparent to light, e.g. to ' 
visible and/or ultraviolet light, with optically 
regular, generally smooth surfaces, so as to 
enable photoelectrical measurements and/or 
optical analysis in situ of the products of the 
sample collection and reaction with the specific 
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binding capacity, as well as the electrical 
measurements enabl d by the electrode(s). 

(b) lnsom examples, th cavity of the device 
can be a thin planar cavity between two opposite 
5 walls forming a cell, and preferably cemented or 
made into an integral unit. In some cases, for 
example, such an embodiment can include a 
bonded structure of plates similar to the structure 
of an unfilled liquid crystal display device as 
10 obtained as an intermediate stage in manufacture 
of liquid crystal displays. 

According to an aspect of the invention there is 
provided a (preferably disposable) (possibly 
translucent or transparent) capillary cell; which 
is can be made by the methods described herein, for 
carrying out specific binding assays, comprising a 
pair of opposite plates spaced less than about 
1mm apart, and, sealed together to form an 
apertured liquid-retentive cell able to take up and 
20 retain by capillary action a (preferably defined) 
volume of (usually aqueous) liquid, and 
optionally carrying on at least one of its internal 
surfaces a coating of reagents such as enzymes, 
dye molecules, antibody, antigen or buffer salts, 
25 as appropriate to the test to be carried out, and 
also including electrode(s) or an electrode struc- 
ture for making measurements of one or more 
electrically measurable characteristics of the 
sample. "Defined volume" means a volume that 
so is determined substantially by the shape and 
configuration of the cell itself and not appreciable' 
by the volume of sample if applied in excess. 

Cells of the type described above can be assem-i 
bled from glass or plastics sheeting, and where 
35 plastics sheeting is used, it can be in the form of 
precision mouldings, e.g. provided with spacers 
such as ndges to achieve controlled spacing of 
the component walls of the capillary cell cavities. . 
The cell can have an outer surface portion or lip 
40 to which a quantity of sample sufficient to fill the 
cell can be applied and from which it can easily be 
made to run into the capillary cell by capillary 
action. Such a lip can easily be formed by an 
extension of one of the plates, outwardly beyond 
45 the cell aperture, for a distance sufficient to give a 
surface area large enough for convenient sample 
loading. An alternative form of inlet is one formed 
by an aperture in one wall of the capillary cell, e.g. 
a hole that exposes an area of an opposite wall of 
so the cell on to which a sample can be loaded. The 
lip or aperture can be provided with a porous filter 
such as a porous plug or e.g. a filter paper or 
dialysis membrane, to allow any desired degree 
of filtration or dialysis to be applied to that part of 
55 the sample which is drawn into the capillary cell 
Preferably the sealing of the cell can be 
achieved by using a line of epoxy resin, leaving an 
- aperture, e.g. extending the resin along two oppo- 
site sides of a rectangular capillary cell, to give a 
so filling aperture and a further aperture left to allow 
the exit of air from the capillary cell as it fills up. 
Suitably, the resin can comprise solid particles to 
ensure a desired spacing for the plates as they 
bed down on the resin. Particles such as sub- 
?5 stantially mon disp rse ballotini (fine glass par- 
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* tides) of diameter about 100 micron or otherwise 
corresponding to the chosen capillary gap, or 
snort glass fibre lengths of for exampl 8 urn 
diameter and 50-100 urn long (e.g. made by mor- 
tar-gnndmg of long glass fibre and exclusion of 
long residual fibres by sieving), are suitable to 
regulate small spacings of the order of the dia- 
meter of the ballotini or the fibres. Generally 
spacings in the range 5 to 500 urn can be chosen' 
by way of non-limitative example. Fibres are 
preferred for very narrow gaps, as they are more 
easily obtainable in diameters less than about 50 
micron than are monodisperse ballotini: ballotini 
are preferred for the wider gaps. 

The material or one of the materials which forms 
a coating on a wall of the capillary cell cavity can 
for example be an enzyme, an antigen or antibody. 
Among suitable examples are urease, glucose 
oxidase, concanavalin A or antiglobulin antibody 
Especially in the case of enzyme coatings, the 
enzyme can be either immobilised or coated in 
releasable form. Such proteins can be immobil- 
ised to the glass or silica or plastics surface in any 
of the ways otherwise practised for such immobil- 
isation. Forexample, it can be useful simply to coat 
and dry the binding agent and sucrose on to the 
carrier surface, either simultaneously or succes- 
sively. Covalent and other immobilisation can be 
achieved where desired in any of the ways men- 
tioned in EP specification 0 014 530 (Unilever), and 
references cited therein, especially in the case of 
plastics materials, and. in any of the ways men- 
tioned in "Immobilised Enzymes for Industrial 
Reactors (ed. Messing, Academic Press, 1975- 
especially Filbert, chap 3), or in for example US-A- 
3 652 761 or GB-A-1 530 997, for a wide variety of 
carrier materials including siliceous materials 
such as glass and silica. 

Especially in the example cases of potentiomet- 
nc or amperometric electrodes mentioned below 
a material forming one or more coatings on the 
surface of the capillary cell can be an ionic salt, e g 
a buffering salt, for example a thin coating of salt in 
admixture with a glaze-forming inert substance - 
such as sucrose or other nonionic humectant 

Especially in the case of amperometric elec- 
trodes, the electrode structures can be coated with 
enzymes and a mediator which facilitates electron 
transport from an enzymatic reaction to the con- 
ducting part of the electrode structure, eg > 
ferrocene which can facilitate transport of elec- 
trons from glucose oxidase to an electrode. 

Especially in the case of impedance-measuring 
devices, the area between two electrodes on one 
wall of the cell can be coated with a specific 
binding agentwhich can bind conducting particles 
such as gold sol particles as used in certain 
immunoassays. 

Embodiments of the invention are illustrated for 
example by the accompanying Figures 1-9 and 
. associated description. 

Figure 1 shows in diagrammatic plan a capillary 
cell device containing electrodes, according to an 
embodiment of the invention. 

Figure 2 schematically shows a diagrammatic 
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device" 3n ° ther dfsposable ca P'»ary cell 

j Ffgure 3 shows a diagrammatic plan of the cell 

* thl r 8 ° , RgUre 2 ' and inc,udes a l ™ H t show 
s the line of section of Figured 

Figure 4 shows in diagrammatic fragmentary 
p an an intermediate stage in the manufacture of a 
plurality of devices as of Figures 2-3. 
Figures 5-8 show in schematic cross-section the 
to electrode arrangements provided in further 
embodiments of the invention. 

Figure 1 shows a form of capillary cell device 
according to the invention. The cell device shown 
in Figure 1 comprises an upper plate 1, spaced 
15 from a lower plate 2 by bonding tracks 3. A 
plurality of capillary cavities, three in number, is 
formed by four bonding tracks 3 which both space 
the plates and define the lateral boundaries of the 

20 ing^e ectrode structure composed of electrodes 10 
and n each composed of part of an overall tin 
oxide (Sn0 2 ) conductive coating which has been 
etched away to form the pattern shown. The 
conductive tin oxide layer is prepared and etched 
25 in a manner which is itself well known in the 
semiconductor and liquid crystal industry and in 
itself forms no part of this invention. 

If desired, one or more coating layers (not " 
shown in Figure 1) can be formed either on top of 
30 the tin oxide coating electrode structure and/or on 
the inner face of the opposite plate 2. 

Electrodes 10 and 11 continue out beyond the> 
capillary cell on to surface 6 of plate 2, and 
terminate in connexion points 12 and 13 for 
35 connexion to other electrical circuitry and devices. 
(If desired, electrodes 10 and 11 may alternatively 
be continued out to connexion points at another 
part of the cell, passing out under bonding layer 3 
to suitable connexion points elsewhere than 
w shown in the drawing). 

One pair of electrodes 1 1 and 1 2 is provided for 
. each constituent cell of the device. Only one pair is 
shown in full and fully referenced in the drawing 
n this device platforms 6 are not used for sample 
45 loading, but plate 2 also extends out beyond plate 
1 attheothersideofthedevicetoprovideasample 
loading platform, divided by extensions 14 of the 
two centre tracks of the bonding tracks 3 to divide 
the platform into three sample loading areas 15 
so The three pairs of connectors 12 and 13 are 
arranged to be capable of mating with corre- 
sponding wires 16 of an edge-connector device 17 
into which the whole of the capillary cell device can 

55 points 12 and 13. 

Such a capillary cell device is useful inter alia for 
making electrical conductivity measurements, 
which in certain cases can also involve other 
conductive materials, e.g. conductive particles 
60 such as gold sol particles coated with specific 
binding agents. 

Figures 2-3 show in schematic form the capillary 
cell features of a device according to an embodi- 
ment of the invention except for omission from the 
& orawingoftheelectrodestructure(s).Thedeviceis 
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of a size to be handled easily, e.g. about 3 cm x 
1.5 cm. The device comprises upper (e.g. plastics, 
glass, pvc or silica) plate 1 and lower (e.g. similar) 
plate 2 (about 1 mm thick) fixed together in 
parallel opposed and spaced relation, less than s 
1 mm apart, by bonding tracks 3 of suitable (e.g. 
epoxy) adhesive to form a capillary cell cavity 4, 
open at both ends, which communicates with the 
outside through a first discontinuity in the bond- 
ing 3 arranged to form a cell aperture at side 5 of w 
plate 1. Another discontinuity is present at the 
other end of bonding 3, to leave another aperture, 
to allow exit of air when a sample liquid is loaded 
into the cell. Plate 2 is larger than plate 1 and has a 
portion 6 extending away from the aperture. is 
Portion 6 of plate 2 acts as a platform or threshold 
or lip onto which a drop of sample liquid can be 
applied, so that this liquid can be made to fill the 
capillary cell cavity 4 by capillary flow. Cavity 4 
attracts and contains a definite and adequately 20 
reproducible volume of liquid when loaded in this 
way. 

Immobilised to the inner surface of the capillary 
cell is a iayer 7 of material relevant to the test 
procedure in which the capillary cell is to be used. 25 
In the example shown in the drawings the layer 7 
is a patch of material carried on plate 2, or in an 
alternative arrangement carried on plate 1. For 
the purpose of a test based on enzyme activity, 
e.g. urea measurement by conversion to 30 
ammonium ions by means of urease, it can be for 

, example an area of immobilised enzyme, eg 
urease enzyme. Otherwise the layer can be e.g. an 
immobilised antibody, relevant to an 
immunoassay. There can be more than one such 35 
layer, e.g. a layer on plate 1 as well as plate 2, or a 
superimposition and/or side-by-side plurality of 
layers on either plate. Although not shown in 
Figures 2-3, layer 7 or other iayer(s) lining the 
internal surface(s) of the capillary cell includes an 40 

• electrically conductive layer or layers as 
described in connection with Figure 1, and con- 
ductive external connections are provided (not 
shown in Figures 2-3) by means of conductive 
tracks or connectors from the interior of the cell to 45 
the exterior of the cell, if desired, passing 
between bonding layer 3 and the surface of the 

, plates. These can be made in a manner known per 
se and used in the conventional surface fabrica- 
tion of conductive tracks as often employed in the so 
manufacture semiconductors and liquid crystal 
displays. 

The section shown as Figure 2 presents plates 1 
and 2 spaced apart because the line of section 
does not extend through the bonding tracks 3. 55 

The fabrication of a plurality of cells such as 
that of Figures 2-3 is illustrated by Figure 4, a 
fragmentary plan diagram showing an inter- 
mediate stage in the manufacture of such cells. A 
large plate 8 of glass or other material to make so 
plates 2 is cleaned and coated in any appropriate 
way with patches of material 7 of any of the kinds 
described above and patterned electrode layers 
as well as tracks of bondable adhesive 3. A 
second plate, not shown, is then adpressed to 55 



10 



plate 8, optionally aft r f rming n it bonding 
tracks corresponding to track 3, and pti nally 
after forming patches or tracks f any other 
desired material, and the adhesive is cured. Then 
the assembly is broken or cut along lines shown 
as dotted lines 9 in Figure 4, and corresponding 
lines in the upper plate (not necessarily in regis- 
tration with lines 9, though). The result is to give 
cells like the cells shown in Figures 2-3. 

The arrangements of Figure 4 have been 
described in relation to the use of sheet glass as a 
substrate method: especially but not exclusively 
where plastics sheet is used, it can be convenient 
to use other than plain sheet material, e.g. spacer 
. ridges, inlet apertures and filter arrangements as 
described elsewhere herein can be incorporated 
, as part of such sheets before the capillary cells are 
assembled. 

The capillary cell device of Figures 2-3, among 
other devices made according to this invention, 
can if desired be provided with any convenient 
form of handling-piece or holder and for this 
purpose may be provided with any convenient 
form of fixed or releasable connexion arrange- 
ment to.engage with such a holder where this is 
not formed in one piece with the cell device. 

In general, thin coating layers of biochemical 
reagents can be present; they can be either 
immobilised (i.e. non-releasable) or releasable - 
coatings, e.g. formed by air-drying protein-suc- 
• rose mixtures in thin films on the plates. These: 
can be selected and combined according to the 
particular test chemistry to be performed in the 
device. The range of chemical or binding reac- 
tions that can form part of the tests to be carried 
out includes electrochemical, enzymatic, binding 
and quenching reactions of any kind, but it is 
emphasised that some of the tests may not 
require such reactions to take place in the f 
capillary cells at all. 

The formation of reactive immobilised protein 
layers (e.g. enzymes or antibodies) on the inner 
surfaces of the cells can be achieved for example 
as follows. 

A sheet of (e.g. soda) glass for example about 
1mm thick, and large enough to contain a 2- 
dimensional array of cell areas, with a plurality of 
several cell units in each direction, is cleaned by 
any suitable method, e.g. by detergent andultra- 
somc treatment and if need be by solvent vapour 
degreasing in known manner, or by successive 
hot (80°C) treatments with ammonia hydrogen 
peroxide and hydrochloric acid/hydrogen perox- 
ide, water-rinsing and airdrying, e,g. at 115 d C for 
30 minutes. A pattern of patches of a desired 
protein or other coating is then applied by the 
following or equivalent technique. Covaient coup- 
ling of antigen or antibody or other protein is 
achieved, by first reacting the glass with a silane- 
based coupling compound in known manner (e.g. 
with a terminal amino-alkyl trimethoxysilane, or 
another reagent substantially as e.g. the 3- 
aminopropyt compound or another reagent sub- 
stantially as described in US-A-3 652 761, suitably 
about 2% v/v in acetone), then reacting the amino 
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terminals imm bilised on to the glass with (e.g. 
2% pH 7) glutaraldehyde, removing excess 
reagents and exposing the activated glass with 
immobilised aidehyde groups to reaction with the 
protein in solution (e.g. 1 mg/m I antibody 
immunoglobulin), according to component tech- 
niques well known in themselves. For example, 
treatment at about pH 9.5 for 2 hours at 37°C has 
been found suitable here. A suitable final active 
, protein loading rate on the glass surface can be for 
example about 0.5 microg ram/cm 2 . This is thought 
to constitute a continuous or near-continuous 
layer. The dosage or density or specific activity of 
the immobilised layer is determined by the sensi- 
tivity requirements of the particular assay chemis- 
try, which in itself forms no part of this invention. 
Excess reagents can be removed for, example 
washing in strong buffer {0.1 M acetate, 0.5M NaCI, 
pH 4-5), then neutral buffer washing, (pH 7-7.4), 
followed by pH 9-10 washing and neutralisation.' 

If it is afterwards desired to etch or to inactivate 
any part of the protein (e.g. enzyme coating), the 
following technique can be used. The coated sheet 
can then be placed in a confined atmosphere 
substantially free of air draughts, e.g- it can be 
brought close to another flat inert surface to 
reduce the air gap on the coated side to about 
1 mm or less. The sheet is then illuminated with an 
ultraviolet patterned image (using preferably light 
of as narrow as practicable a waveband around c. 
280nm) in a pattern corresponding to areas from 
which the coating is to be etched away or inacti- 
vated, e.g. a grid pattern, to leave a pattern of 
surviving active protein patches. Illumination can 
for example be carried out using a GE 7-watt 
mercury lamp spaced a few centimetres from the 
plate, for a period of about 5-20 minutes. The 
illumination pattern can be produced by masking 
close to the plate, or by a real imaging system. The 
ultraviolet etching used here is thought to rely on 
the same principle as the u.v. etching process 
described by J A Panitz, I Giaver, in Surface 
Science, 97 (1980) pp 25-42, to which reference is 
made. 

Then a uv-curable epoxy adhesive is printed on 
to the patch-coated glass plate in a desired pattern 
for forming a connexion with an upper spaced 
plate. The epoxy adhesive is applied by a silk- 
screen technique which is conventional in itself, 
and in itself forms no part of this invention. 

The epoxy resin can have a small content of 
short-length glass fibre, about 20 urn in diameter 
and about 100-200 urn long, (made for example by 
grinding long glass fibre in a mortar and sieving to 
remove residual long fibres). A preferred alterna- 
tive to the glass-fibre pieces is a content of ballotini 
in the epoxy resin, used as follows. In order to 
produce a gap of for example 100 urn, corre- 
spondingly-sized ballotini are incorporated in the 
epoxy: a layer of epoxy a little thicker than the 
desired spacing between the plates, e.g. 10% 
thicker, e.g. about 1 10 urn for a desired spacing of 
100 urn, can be laid down by screen-printing, and 
the addition plate pressed gently into position to 
spread the epoxy slightly. 
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If desired, a mirror-image of the first pattern of 
epoxy adhesive can be appli d as a pattern to a 
sec nd similar sheet of glass, either coated patch- 
wise with the same or a different protein or other 
5 coating material, or otherwise uncoated, and the 
two sheets then brought together, subjected to 
vacuum or deoxygenation if needed for curing, 
and cured by ultraviolet illumination. The ultra- 
violet is applied as an image with a pattern that 
to avoids the patches of coated protein or other 
material which are to be retained in active form. 

After adhesive curing, the two plates can be 
scribed and broken down into individual cell units 
in any convenient known manner as used in stages 
15 in the manufacture of liquid crystal devices, and in 
particular by the methods referred to in Specifica- 
tions Nos. CH-627 559, and 629 002, concerning 
fabrication of liquid crystal display devices. Corre- 
sponding steps in the methods of those specifica- 
20 tions and of this invention can be performed by 
similar methods, mutatis mutandis. 

A convenient form of cell obtainable by this 
process comprises two substantially parallel 
opposed layers of glass, air-spaced by about 5- 
25 500 urn, which,together with an incomplete frame 
of bonding material located between them, 
(having at least one opening for the inward 
passage of liquid and possibly also the outward 
passage of air), form a capillary cell able to take up 
30 a defined volume of aqueous liquid. One of the 
glass layers can extend out beyond the opening of 
the cell to enable a drop of liquid to be placed on its 
surface and pass either wholly or partly into the 
cell. Especially in versions of the devices which are 
35 made of plastics material, an aperture can be made 
or left in one of the walls of the cell to allow sample 
loading, preferably with a filter device as described 
above. 

Figures 5-9 show in diagrammatic cross-sec- 
40 tional scheme five further electrode-containing 
capillary cell devices according to embodiments of 
the invention. In each Figure of the group 51 & 52 
represent opposite walls of the capillary cell, and 
the other structure apart from the electrodes is 
45 omitted for clarity. In each the capillary gap can 
conveniently be of the order of 0.1-1 mm. 

In Figure 5, a pair of spaced-apart electrodes 55 
and 56 are shown as layers fixed to the surface of 
wall 52. Electrode 55 is an ion-selective (e.g. 
so potassium ion-selective) electrode and 56 is an 
ion-insensitive electrode, e.g. an electrode coated 
with a thin layer of polystyrene, to work effectively 
as a reference electrode. Suitable modes of con- 
struction of the electrodes are described below. 
55. \n Figure 6, there is shown an electrode-contain- 
ing capillary cell device to measure potassium ion 
concentrations, comprising two spaced-apart 
electrodes 61, 62 are respectively an (potassium- 
selective) electrode 61 and a pH-sensitive ref- 
60 erence electrode 62. A releasable layer 63 contain- 
ing (potassium-free) pH buffer is coated on to the 
oppositewall51ofthecapillarycell.Thiscoatingis 
a releasable coating (e.g. a sucrose glaze) to be 
, released and to dissolve in the sample liquid when 
65 this is taken up Into the capillary cell. 
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In Figure 7, the arrangement is similar to that of 
Figure 6 except that electrod 62 is an ion- 
selective electrode sensitive to a different ion (e.g. 
chloride) (the reference ion) from that of electrode 
61, and the buffer coating 63 contains a buffering 
amount of a salt of the reference ion, e.g. a 
coating containing a chloride to be released and 
dissolved in standard concentration in the sample 
liquid taken up into the capillary cell, to give a 
large chloride concentration preferably much 
larger than that to be expected in the sample 
liquid. Provided that electrode 61 is not a calcium- 
sensitive electrode, then the cation component of 
the salt in coating 63 can conveniently be calcium. 

Figure 8 shows another device to measure 
potassium ion concentrations. In Figure 8, elec- 
trodes 81 and 82 are both similar ion-selective 
electrodes, in this case potassium-selective elec- 
trodes. A releasable coating 83 on the opposite 
wall of the cell contains a standard concentration 
of potassium (e.g. as KC1 ) to be released into the 
sample liquid taken up into the cell. Coating 83 is 
a partial or patchwise coating which faces elec- 
trode 82 but not electrode 81, which is spaced 
from electrode 82 and the coating by a distance 
e.g. significantly greater than 1 mm, chosen to 
minimise significant diffusion of ions released 
from the coating 83 to electrode 81 during the 
course of the test. 

A further example of a device according to the 
invention can have a similar configuration to what 
is shown in Figure 8, and is for the purpose of 
measuring urea concentration by means of 
ammonium ion-selective electrodes or pH elec- 
trodes and immobilised urease enzyme. In this 
example electrodes 81 and 82 are prepared as ' 
ammonium-ion-selective electrodes by approp- 
riate choice of materials from the general tech- 
niques described and cited above, and coating 83 
comprises a layer of immobilised urease enzyme 
In the use of this capillary cell-based urea 
measurement method, it can be convenient and 
advantageous to let the urease reaction on the 
content of urea in the zone of sample liquid 
adjacent to coating 83 and electrode 82 to pro- 
ceed to completion. The distance between 81 and 
82 should be large enough to avoid significant 
ammonia diffusion along this gap during the 
necessary reaction time. 

Suitable ion-sensitive electrode structures, 
barners and coatings can be incorporated onto a 
surface which is to form an inner wall of a ' 
capillary cell structure for example as follows. A 
preferred substrate material for this application is 
pvc. Electrode and coating materials are prefer- 
ably applied by a method such as screen-printing 
that gives control of the pattern in which the 
material is applied. 

For example, to manufacture these structures it 
can be convenient and is within the scope of the 
invention to build up successive layers of matrix 
such as polyvinylchloride, loaded with various 
additives, e.g. as follows. A layer of silver-particle- 
loaded pvc can be applied as a conductive coating 
layer, (using for example a solution of pvc and 
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plasticiser containing suspended powdered silver 
in a suitable solvent: (e.g. commercially available 
as Johnson Matthey P230 screen-printable silver) 
This can be treated to give it a content f silver 
s chloride accessible at its surface and in conduc- 
tive contact with the useful conductive structure. 
Alternatively, and in some circumstances prefer- 
ably, a further zone comprising pvc loaded with 
silver chloride particles, can be provided with 

10 equivalent effect. After treatment to provide silver 
, chloride, a further zone of plasticised pvc loaded 
with jonophore or other sensitising component 
can be provided. For example, a potassium-ion- 
selective membrane can be formed by a process 

is \ in which the composite is air-dried, and an ion- 
selective pvc membrane is applied, using a mix- 
ture of dioctyl phenylphosphonate plasticiser, 
and valinomycin ionophore, in a suitable solvent 
'^successive zones can be deposited either by 

20 solidification of applied layers of molten (thermo- 
plastic) pvc with suitable additives, or by evapora- 
tion of solvent from suitably-loaded pvc solutions 
in a compatible solvent such as tetrahydrofuran, 
which can be applied by any suitable technique 

25 chosen from among those known perse, such as 

/. dip-coating, screen-printing, spin-coating and 
spraying. 

The nature and variety of ion-selective mem- 
branes, known per se, which can be fabricated to 

30 form parts of composite structures that constitute* 
embodiments of the present invention, is very*' 
wide, and depends on the particular end-use to 
which the electrode is to be put. Specifically 
incorporated by reference herein are all the 

35 Retailed membrane electrode compositions - 
described (in connexion with conventional wire 
?fL r ?\y G J Moody and J D R Thomas in 
Polyvinyl Chloride) Matrix Membrane lon- 
Selective Electrodes", ch.4 of "Ion Selective Elec- 

40 trodes in Analytical Chemistry", ed. H Freiser 
Plenum Press 1980, and in U Fiedler and j 
Ruzicka, Anal. Chim. Acta, 67, 179 (1973). 

Further details of membrane fabrication, also 
incorporated herein by reference, are given by H 

45 ^*™ Ura 61 3,; AnaK Chem ' (1982)/ 54 ' pp 1224 * 

Amperometric electrode arrangements can also 
be made within capillary cells according to the 
invention, e.g. by screen-printing electrodes on 
so one or both of the inner surfaces. 

For example a hydrogen peroxide sensitive cell 
can be obtained by printing one gold or platinum 
electrode and one silver/silver chloride electrode. 
When a constant voltage is applied between the 
55 electrodes a current proportional to the hydrogen 
peroxide concentration in the sample can be 
obtained, As the hydrogen peroxide is consumed 
the current decreases, but the initial current can 
be used. to determine the hydrogen peroxide 
60 concentration in the sample. 

By applying an opposite voltage, the oxygen 
concentration in the sample can be measured. 

It can be advantageous to deposit a diffusion 
limiting layer on top of the electrodes. 
ss By the use of the cells described herein, a wide 
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variety of analytes and reactions, e.g. ions, enzy- 
. mes, enzyme substrates, (especially for example 
glucose, urea, or creatinine) can be monitored 
electronically. 

The invention described herein is susceptible to 
many modifications and variations within its 
scope as defined by the claims. 

Claims 

1. A specifically-reactive electrochemical test 
device, comprising electrodes, and a cavity (1-3, 
51-2) having a dimension small enough to enable 
sample liquid to be drawn into the cavity by 
capillary action, the electrodes being'arranged to 
contact the liquid, characterised in that the elec- 
trode structure (10-11, 61-2) for making one or 
more measurements of one or more electrically 
measurable characteristics of the sample is 
included within said cavity (1-3, 51-2), and in that 
optionally a surface or wall (51) of the cavity carries 
a coating (63, 83) of a material appropriate to the 
test to be carried out in the device. 

2. A device according to claim 1, wherein an 
electrically conductive layer or layers (10-11, 61-2) 
lme(s) the internal surface(s) of the capillary cell. 

3. A device according to claim 2, wherein the 
layer(s) (10-11, 61-2) comprise a conductive coat- 
ing which forms a pattern of conductive 
electrodes. 

_ 4. A device according to claim 1, 2 or 3, wherein 
the immobilised reagent (63, 83) carried on the 
surface of a wall of the cavity (51) comprises a 
biochemical specific binding agent, e.g. an antigen 
or antibody. . 

,5. A device according to any of claims 1-4, in 
which a surface of the wall of the cavity (51) also 
carries a releasable reagent coating. 

6. A device according to any of claims 1 to 5, 
wherein the walls of said cavity (1-3, 51-1) com- 
prises glass or plastics material, e.g. soda glass or 
acrylic plastics. 

7. A device according to any of claims 1 to 6, 
comprising a bonded structure of plates (1, 2, 51,' 
52) cemented in spaced parallel relationship to 
leave a thin planar cavity of capillary dimensions 
between them. 

8. A device according to any of claims 1 to 7, 
comprising an external loading surface to which 
sample liquid can be applied and from which it can 
be drawn into the cell. 

9. A method of manufacturing specifically-reac- 
tive electrochemical test devices according to 
claim 1, comprising: arranging electrodes (10-11, 
61-2) in liquid contact with a cavity (1-3, 51-2) 
having a dimension small enough to enable 
sample liquid to be drawn into the cavity by 
capillary action, and characterised by the steps of: 

(a) (optionally) forming an immobilised coating ' 
(63) on the surface of a sheet material (1, 51) which so 
is to form part of a multiplicity of the devices, ■ 

(b) forming a structure (2-3, 52) which together 
with said (optionally coated) sheet material (1, 51) 
provides for each device of the multiplicity of 
devicesacavityofcapillardimensionforcollecting es 
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and retaining by capillarity a volume of sample 
liquid in contact with the reactive coatinq (63) 
(where present), 

(c) forming an el ctrode structure (10-11 61-2} 
5 within each cavity (1-3, 51-2), and 

(d) separating the sheet material into portions 
each providing one or a plurality of the sample- 
collecting and testing devices. 

10. A method according to claim 9, in which the 
to coating is divided into a pattern, e.g. of discrete 

portions, e.g. as a 2-dimensional array of patches. 

11. A device according to claim 1, carrying a' 
printed pattern of electrodes on a surface of a wall 
of the capillary cell. 

15 12. A device according to claim 1, wherein said 
surface is a surface of a solid transparent material 
to enable optical measurements of the capillary 
cell contents. . 

20 Patentanspruche 

1. ElektrochemischeTestvorrichtung mitspezifi- 
scher Reaktivitat und mit Elektroden und einem 
Honlraum (1-3, 51-2) ausreichend kleiner Abmes- 
25 sung, so dal5 eine Probenflussigkeit durch Kapil- 
larw,rkung in den Hohlraum gezogen werden 
kann, wooer die Elektroden so angeordnet sind, 
dalS sie die Flussigkeit beruhren, dadurch gekenn- 
zeichnet, da(5 der Elektrodenaufbau (10-11, 61-2) 
zu r Durchfiihrung einer Oder mehrerer Messungen 
einer oder mehrerer elektrisch mefcbarer Eigen^ 
schaften der Probenflussigkeit in diesem Hohl- 
raum (1-3, 51-2) eingeschlossen ist und eine 
Oberflache oder Wand (51) des Hohlraums wahl- 
weiseeme Beschichtung (63, 83) aus einemfur den 
in der Vorrichtung durchzufuhrenden Test geeiq- 
neten Material tragt. *** 

2. Vorrichtung nach Anspruch 1, worin eine 
elektrisch leitende Schicht oder Schichten (10-11 
61-2) die innere(n) Oberflache(n) der Kapillarzelle 
auskleiden. 

3. Vorrichtung nach Anspruch 2, worin die 
, Schicht(en) (10-11, 61-2) eine leitende Beschich- 
tung umfassen, die ein Muster leitender 
Elektroden bildet. 

4. Vorrichtung nach Anspruch 1 , 2 oder 3, worin 
das auf der Oberflache einer Wand des Hohlrau- 
mes (51) befindliche, immobiiisierte Reagenz (63, 
83) ein biochemisches spezifisches Bindungsmit- 
tel, z.B. ein Antigen oder einen Antikorper, umf afct. 

5. Vorrichtung nach irgendeinem der Anspruche 
1 bis 4, worin eine Oberflache der Wand des 
Hohlraumes (51) ferner eine Beschichtung aus 
einem freisetzbaren Reagenz tragt. 

6. Vorrichtung nach irgendeinem der Anspruche 
1 bis 5, worin die Wande des Hohlraumes (1-3, 51- 
1) Glas oder ein Kunststoffmaterial, z.B. Sodaglas 
oder Acryikunststoffe, umfassen. 

7. Vorrichtung nach irgendeinem der AnsprOche 
1 bis 6, die einen verklebten Plattenaufbau (1 , 2, 51 , 
52) umfaBt, wobei die Platten parallel im Abstand 
zueinander verklebt sind und zwischen sich einen 
dunnen, ebenen HohJraum kapillarer Abmessun- 
gen fretlassen. 

8. Vorrichtung nach irgendeinem der Anspruche 
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1 bis 7, die eine auSere Aufnahmeoberflache 
umfafct, auf die eine Probenfliissigkeit aufge- 
bracht und von der sie in die Zelle gezogen 
werden kann. 

9. Verfahren zur Herstellung der elektrochemi- s 
schen Testvorrichtung mit spezifischer Reaktivitat 
gemaR Anspruch 1, umfassend das Anordnen 
von Elektroden (10-11, 61-2) in Flussigkontakt mit 
einem Hohlraum (1-3, 51-2} ausreichend kleiner 
Abmessung, um eine Probenflussigkeit durch w 
Kapillarwirkung in den Hohlraum einziehen zu 
konnen, und gekennzeichnet durch die Schritte 

(a) einer (wahlweisen) Ausbildung einer immo- * 
bilisierten Beschichtung (63) auf der Oberflache 
eines Plattenmaterials (1, 51), das eine von is 
mehreren Vorrichtungen bildet, 

(b) einer Ausbildung eines Aufbaus (2-3, 52), 
der zusammen mit dem (wahlweise beschichte- 
ten) Plattenmaterial (1, 51) fur jede Vorrichtung 
einen Hohlraum kapillarer Abmessung ergibt, um 20 
durch Kapillarwirkung ein Volu men einer Proben- 
flussigkeit, die (wo vorhanden) mit der reaktions- 
fahigen Beschichtung (63) in Beruhrung steht, zu 
sammeln und zuruckzuhalten, . 

(c) einer Ausbildung eines Eiektrodenaufbaus 25 
(10-11, 61-2) innerhalb jedes Hohlraums (1-3, 51- 

2) und 

(d) einer Trennung des Plattenmaterials in 
Abschnitte, die jeweils eine Proben sammelnde 
oder testende Vorrichtung oder eine Vielzahl 30 
dieser Vorrichtungen ergeben. 

10. Verfahren nach Anspruch 9, bet dem die 
Beschichtung in ein Muster, z.B. aus getrennten 
Abschnitten, z.B. als zweidimensionale Anord-" 
nung von Recken (Lochern), unterteilt ist. 3S 

11. Vorrichtung nach Anspruch,!, die auf einer 
Oberflache einer Wand der Kapillarzelle ein 
gedrucktes Muster von Elektroden tragt. 

12. Vorrichtung nach Anspruch 1, in der diese 
Oberflache eine Oberflache aus einem festen, 40 
durchsichtigen Material ist, um optische Messun- 

gen des Inhaltes der Kapillarzelle zu ermoglichen. 

Revendications 

45 

LDispositif de test electrochimique specifique- 
ment reactif, comprenant des electrodes et une 
cavite" (1-3, 51-2) d'une dimension suffisamment 
petite pour permettre d'aspirer un echantillon 
liquide dans la cavite par action capillaire, les 50 
electrodes etant disposees en contact avec le 
liquide, caracterise en ce que la structure d 'elec- 
trodes (10-11> 61-2) pour executer une ou plu- 
sieurs mesure(s) d'une ou plusieurs caracteristi- 
que(s) Slectriquement mesurable(s) de I'echantil- 55 
ion est incorporee dans ladite cavite (1-3, 51-2) et 
en ce que, facultativement, une surface ou paroi 
(51) de la cavite porte un revetement (63, 83) en 
une mature appropriee au test a executer dans le 
dispositif. 6Q 

2. Dispositif selon la revendication 1, dans 
lequel une ou plusieurs couche(s) 6lectriquement 
conductrice(s) (10-11, 61-2) rev§t(ent) la ou les 
surface(s) interne(s) de la cellule capillaire. 
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3. Dispositif selon la revendication 2, dans 
equel la ou les couche(s) (10-11, 61-2) comprend- 
(nent) un enduit conducteur qui forme un motif 
des electrodes conductrices. 

4. Dispositif selon la revendication 1, 2 ou 3, 
dans lequel le reactif immobilise (63, 83) a la 
surface d'une paroi de la cavite (51) comprend un 
liant biochimique specifique, par exemple un 
antigene ou un anticorps. 

^5. Dispositif selon I'une quelconque des reven- 
dications 1 a 4, dans lequel une surface de la paroi 
de la cavite (51) porte aussi un revetement reactif 
amovible. 

6. Dispositif selon I'une quelconque des reven- 
dications 1 a 5, dans lequel les parois de ladite 
cavite (1-3, 51-1) comprennent du verre ou une 
matiere plastique, du verre a la soude ou une 
matfere plastique acrylique. 

7. Dispositif selon I'une quelconque des reven- 
dications 1 a 6, qui comprend une structure liee 
de plaques (1,2, 51, 52) cimentees en espacement 
parallele pour laisser une mince cavite plane de 
dimensions capillaires entre elles. 

8. Dispositif selon I'une quelconque des reven- 
dications 1 a 7, comprenant une surface externe 
de charge sur laquelle on peut appliquer un 
echantillon liquide et a partir de laquelle on peut 
I'aspirer dans la cellule. 

9. Procede de fabrication de dispositifs de tests 
electrochimiques specifiquement reactifs selon la 
revendication 1, qui consiste: a disposer des 
electrodes (10-1, 61-2) en contact liquide avec une 
cavite (1-3, 51-2) ayant une dimension suffisame- 
ment petite pour permettre Inspiration de 
I'echantillon liquide dans la cavite par action 
capillaire, caracterise en ce qu'il consiste: 

(a) a former (facultativement) un enduit immo- 
bilise (63) sur la surface d'une feuille (1, 51} qui 
doit faire partie d'une multiplicite de dispositifs, 

(b) a former une structure (2-3, 52) qui, ensem- 
ble avec ladite feuille (facultativement enduite) (1 f 
51), procure pour chaque dispositif de cette multi- 
plicite de dispositifs une cavite d'une dimension 
capillaire pour collecter et retenir par capillarite 
un volume de I'echantillon liquide en contact avec 
le revetement reactif (63) (quand il est present), 

(c) a former une structure d'electrodes (10-11, 
61-2) dans chaque cavite (1-3, 51r2), et 

(d) a partager la feuille en portions dont cha- 
cune constitue I'un de la serie de dispositifs de 
collectage d'echantillons et de tests. 

10. Procede selon la revendication 9, dans 
lequel on partage le revetement en un motif; par 
exemple de portions separees, par exemple sous 
forme d'une rangee bi-dimensionnelle de 
fragments. 

11. Dispositif sefon ia revendication 1, qui porte 
un motif imprirh6 d'electrodes sur une surface 
d'une paroi de la cellule capillaire. 

12. Dispositif selon la revendication T, dans 
lequel ladite surface est une surface en un mate- 
riau transparent solide - pour permettre les 
mesures optiques des contenus des cellules 
capillaires. 
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Fig. 1. 
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